Mie scattering from cell density fluctuations reproduces the majority of reported spectra from a Raman study of living cell suspensions.
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Fifteen years ago, Fr8blich proposed that longitudinal electric vibrations in the 10 11 to 10 12 Hz frequency region might be coherently excited in living systems with metabolic energy [1, 2] . FrBhlich showed theoretically that when a critical rate of energy is supplied to a group of dipolar oscillators, such as the hydrogen bonds in a macromolecule, a
Bose-like condensation of phonons can occur, resulting in the coherent excitation of the lowest longitudinal electric vibration of the system.
A variety of experiments have been interpreted as giving support to
Fr8hlich's theory [3] . Among these is a set of Raman spectra taken by Webb et al. from bacterial and mammalian cell suspensions [4] [5] [6] [7] [8] [9] [10] . In these Raman scattering experiments, strong lines are reported to occur when cell populations are metabolically synchronized. This activity is reported to be absent in metabolically inactive or dead cells. Above em) in the spectra of synchronized bacteria.
These ratios are considered to be evidence for the coherently excited macromolecular vibrations predicted by Fr8hlich [6] . To date, however, a molecular basis has not been established for any of the above spectra.
Sullivan and Santo have reported that there are several effects which can produce spurious Raman lines when scattering from cell suspensions [11] , including Mie scattering from settling cell clumps. In this paper we demonstrate that much of the spectra recorded in [4] [5] [6] [7] [8] [9] [10] can be closely reproduced by this effect. Furthermore, we argue that these spectra cannot be explained in terms of Raman scattering from coherently vibrating intracellular molecules.
Raman spectra were recorded at 5 em-l resolution using F/8 optics, in their recorded spectra. After they determined that spectra could only be produced for about 6 minutes when a cell suspension was placed in the laser beam, they adopted a technique by which they scanned a given sample for only 3 minutes, then changed to a fresh sample of cells from a master culture [4] . This procedure would systematically introduce settling and mixing artifacts for each scan.
In several spectra of [41 ( lines reported in [4] [5] [6] [7] [8] [9] [10] could therefore also be due to Mie scattering. The lines observed in [4] [5] [6] [7] [8] [9] [10] have been attributed to coherently vibrating intracellular molecules. We now examine the extent to which where I is the incident power per sq em, v the exciting light frequency, a 0 the molecular polarizability, and Q the normal mode coordinate [12] .
aa/aQ is essentially constant for small displacements from equilibrium and actually decreases at large displacements when the molecular vibration is strongly excited [12] . Thus, aa/aQ cannot contribute to large increases in Raman scattering from a coherently excited molecular vibration. In order to obtain non-resonant Raman spectra of pure biomolecules in aqueous solution, 1-10% (by weight) solutions must usually be employed [13] [14] [15] [16] . Bacteria and mammalian tissue cells are an extremely heterogeneous mixture of· materials. At all times the concentration of specific cellular components within a suspension of 5 X 10 7 cells/ml (concentrations used in [4] [5] [6] [7] [8] [9] [10] ), will be below the limits of detection.
This is true regardless of any metabolic synchrony in the cell suspension.
It is therefore important to reexamine the experiments in which non-thermal anti-Stokes to Stokes intensity ratios were observed for low frequency lines from metabolically synchronized E. coli suspensions [6] .
A line near 120 cm-1 was reported to range from 118 cm-1 to 125 cm-1 Non-thermal anti-Stokes to Stokes intensity ratios of the magnitude reported in [6] have not been reproduced or established by others. A Raman study of active algae found that most of the enhancement of antiStokes lines of intracellular carotenoids was due to resonance enhancement effects although some additional non-thermal population of the vibrational states might have been present [17] . A subsequent study, ..
....
• 7 however, found that carotenoid line intensities from living algae are given by a normal Boltzman distribution (18] . In addition, it was determined that deviations from expected thermal equilibrium values could be produced by experimental factors such as laser heating of the cell suspension.
In conclusion, we have shown that Mie scattering from cell density fluctuations provides a plausible explanation for the majority of the spectra reported in [4] [5] [6] [7] [8] [9] [10] , whereas Raman scattering from strongly vibrating molecules do not. Various theories of coherent macromolecular vibrations (1) (2) (3) (19) (20) (21) (22) (23) . and solitons [24] in cells therefore can not be supported on the basis of these experiments. Reference to a company or product name does not imply approval or recommendation of the product by the University of California or the U.S. Department of Energy to the exclusion of others that may be suitable.
